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Screening Model for Calculating ANC Change in Sensitive Lakes
: Methodology Revised by Doug Fox
Feb 14, 1997

Backayound:

The previous vertion of the lake chemistry scresning model sssumed that § & N were diluted by 3 volume
of water equal to the entire volume of snow on the watsrshed and this concentration of strong acid was
titrated against an unlimited valurae of lake water with its measured ANC. Since the amount of lake water
is finite, the amount of available ANC is limited in 8 way not reflectod in the calculation. In addition the
sizc of the watershed mus enter into the caloulation because a larger watetshod would detiver more stisong
acid o the lake. The relevant paramater is tho ratio of the volume of the lake to the area of the watershed.
The previons verion of the screening modcl is acourate only in the special case whare this valug, the
Volums of Lake/Area of Watershed is equal t0 “d” the depih of precipitation . The new cquations,
desctibed below reprcsent & mare accurate screen, and can be nsed in any case wheve dau is available
describing the watersheds, lake volumes and snow melt volumss. In cascs where enow melt volume is not
Known; lake volume dividod by flushing time can be used 2s a reasoasbic spproximstion of snow melt
volume. '

The formal way the calculation should be doae is t0: (1) calculsts the total loading of S & N on the
watershed: (2) estimate the volume of water that this mass of chemical will dissolve in (eg: the volume of
snow on the watershed and how much of it melts and when it melts), (3) deterntine how much of this
loading will mix into how much of the lake; (4) consider any natutal sources of allalinity gensration fn
the watershed path that the snowsmelt wates enoounters; and (S) celculate the change of ANC in ths lake
as 2 sesult. The MAGIC model should be considercd 2 more refined approach 10 make the above
Wou;m:mﬁn;mohmmﬁmmmﬁnmbmm-

Calculations,

(1) Determine bow much § & N are deposited:
aummlupnmwmmmmmwdnwwmm
“deposition velocity”. This will estimate the dsy deposition loading on the watershed Wet daposition can
efther be estimated from wet deposition measurements (6.¢ NADP) or by assuming wet deposition is
equal 10 some porceatage of dry deposition, Besod on western U S. deposition data , it is reasonable to
sssumc that wee and dry deposition are equal, For this screerung procedure, use deposition velocity on the
0036t of 1.0 amvsec for NO2 and 2.5 emvsec for SO2 This will result in a Josding of 8 and N on the
watershed in units of kg/ha for a year (or snow accurulation cycle). Multiply this by the watershed
surface area (o determine the total loading on the watershed.

(2) Detcrmine how mmch water is avallabic for the S & N to mix with:

Use the amount of S & N deposited (ie: the sumbcr of H ions deposited), which is the S (eq/m®) x A(m’) +

zgmeqm’)xA(?’).mximmmmxnmummelmmmmmc«q/n’)xvome
water ('),

(3) Calculate the change in pH or in ANC.
smwmmcmmmu,ummammm»umwm
volume of wates. Where it can be assumed that the snowmelt runoff is small ccmpared to the volume of
water in the Jake, the newANC » ANC - (8 + N) x A/V. The equation [ suggestcd in 1983 and that people
heve been using is then carrect only if d is interprated ss the Voluwne of the Lake/Ares of the watershed,
not the amountt of procipitation. Where the volume of the snowmelt is known, the calcutation is WwANC
= (ANC x Viake - (S + N) x A) / (Viaks + Venowrnelt). All the conversion factors to from kg of 5§ & N to
equivalents and the arithmetic to talculae logy would carty over.
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(4) Deternine what would happes ia subsequent yesrs of deposition:

Tn order to be consistent with the calculation, the calculation should be repeated for cach year If we
assume, a8 @ worst case cstimate that there are no intornal gources of allkalinity, then simply repeat the
calculation for each year, reducing the ANC accordingly each year. I think this is a very conscrvative
assumption, but iu the sbsence of detailed lake chemistry modcling, this scems like 2 reasonable
suggestion.

Fot questions or further information, call or write:

Doug Fox

Taterastional Air and Natural Resources Management

Senior Research Sciemtist

Cooperative Institate for Research in the Atmosphere (CIRA)
Colorado State University

1517 Linden Lale Rosd

Port Colling, CO 80524 USA

970-221-0800 nos 970-491-3983

FAX 970-224-5023

dfox@cira colostate.edo
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